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がヒロハハナヤスリ O. vulgatum L．と同様に 4
月から 6月の 2ヶ月間であること，（3）胞子サイ
ズがコヒロハハナヤスリ O. petiolatum Hook．よ
り小さいことである。ハナヤスリ属植物の研究は，
配偶体および胞子体の外部形態・生態学的研究
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Abstract
Development and seasonal changes in dry matter allocation of sporophyte of an endangered species Ophioglos-
sum namegatae M. Nishida et Kurita（Pteridophyte ; Ophioglossaceae）distributed in the Watarase Retarding
Basin, Tochigi Prefecture, Japan were investigated comparing with closely related allies O. petiolatum. The
sporophyll of O. namegatae dispersed spores at mid-May and died back in the end of June when Phragmites
clump canopy completely closed. These events in O. namegatae were 0.5 month and 2 months earlier than in O.
petiolatum, respectively. Changes in dry matter allocation coincided with these events. A canopy removal experi-
ment clarified early die-back of above ground organs of O. namegatae was not concerned with reduction of rela-
tive light intensity caused by canopy development of Phragmites communis population. Development of above-
ground parts of O. namegatae was affected by daily maximum atmospheric temperature, while rhizome and root
were contrastively correlated with daily minimum of subterranean temperature. Total individual numbers dis-
tributed in the Watarase Retarding Basin was estimated as 2,811,600, assuming on（1）total habitat area was es-
timated as 66 ha,（2）mean number of local populations in 25 m×25 m quadrat was 39, and（3）one clone consisted
of two ramets.
Key words : dry matter allocation, endangered species, Ophioglossum namegatae, Ophioglossum petiolatum,
the Watarase Retarding Basin.
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Fig. 1. Study area of the Watarase Retarding Basin and Utsunomiya University in Tochigi Prefecture, Japan.
Site A : old Yanaka village. Site B : the first reservoir. Site C : the second reservoir．●：distribution site of
Ophioglossum namegatae.











































の試料採取は，1999年 11月から 2000年 2月まで











度データロガーおんどとり Jr. TR―51 A（T & D
Corporation）を使用し，一時間間隔で記録した。











ト Aに 50 m長の 1 m幅ベルトトランセクト（A―
B）を設置し（Figs. 2，3 c），その中に分布する栄





Aに 25 m×50 m方形区を南北縦に設置し（Fig. 2），
サイト Bおよび Cに 25 m×25 m方形区を一つず
つ設置した。さらに，サイト Aには 2 m×2 m方
形区（,	）を設置し（Figs. 2, 3 c），胞子葉のあ
る個体とない個体の分布状況を調べた。また，サイ
Fig. 2. Survey sites at the Watarase Retarding Ba-
sin. 2 m×2 m guadrats（and	）,1 m×50 m belt
transect（A―B）and 25 m×50 m quadrats were
set at Site A.
October 2002 J. Phytogeogr. Taxon. Vol. 50. No. 1
－ 43 －
Fig. 3. Seasonal changes in habitat of Ophioglossum namegatae at the Watarase Retarding Basin. a, Field
fire “Yoshi-Yaki” in Japanese（17 Mar. 2002）；b, A local population of O. namegatae（16 Apr. 2000）；
c, Old Yanaka village at one month after Yoshi-Yaki in which arrows show 2 m×2 m quadrats, a center
line shows 1 m×50 m belt transect（16 Apr. 2000）；d, Site C one month after Yoshi-Yaki（22 Apr.
2000）；e, Habitat view of site C covered with dense thicket of Phragmites population in summer（15
Sept. 2001）；f, Habitat view of site A during late-November through next Yoshi-Yaki（20 Nov. 1999）．




















きに先立ちサイト Cに設けた 25 m×25 m方形区



























地下茎上端，または Fig. 4 cのように根上に形成
された。根上に形成される芽は“root bud”として知




スリでも報告されている（Chen and Chiang 1972）。












Fig. 4. Seasonal growth patterns of a sporophyte of
Ophioglossum namegatae. a, A single fertile
frond with five adventitious roots（Roo）（13 Apr.
2000）；b, A single frond beginning to disperse
spores with a rhizome（Rhi）bearing four adven-
titious roots（24 Apr. 2002）；c, A clone with
three ramets, in which the oldest ramet is left
side and newly formed one at the right side（10
Aug. 2000）；d, Winter clone growing newly
formed buds（4 Nov. 2000）．All bars show 2 .
Tro=trophophyll ; Spo=sporophyll ; Phy=phyllo-
mophore ; Rhi=rhizome ; Roo=root.


























胞子葉への分配比はトネで 5月 11日に 19.4%，
コヒロハで 6月 29日に 29%と最大に達した。こ
の時期はトネにおいては胞子散布時期と一致したが，
コヒロハでは胞子散布時期の 1ヶ月前に相当した。
栄養葉への分配比はトネで 4月 30日に 28.5%，コ










24.6%，コヒロハで 4月 6日に 22.5%と最小にな
った。その後，根への分配は急増し，トネでは地上









Fig. 5. Seasonal changes in dry matter allocation
of Ophioglossum namegatae in the Watarase Re-
tarding Basin（A）and O. petiolatum in the U-
tsunomiya University（B）．Ex=the exposed quad-
rat ; Tro=trophophyll ; Spo=sporophyll ; Phy=
phyllomophore ; Rhi=rhizome ; Roo=root.
Fig. 6. Seasonal changes in height of Phragmites
communis（a）and relative light intensity of un-
derstory at Site A, B and C in the Watarase Re-
tarding Basin（b）．
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Fig. 7. Cut-off plot of Phragmites communis clumps on May 5, 2001（a）, on Jul. 6, 2001（b）．
c, Withered plant of Ophioglossum namegatae on Jun. 22, 2001 ; d, O. petiolatum on Jul. 6,
2001.





















相対照度は 5月上旬から 6月上旬までに 99%から
10%まで低下し，6月下旬には 1.2～3%の間を推









区内の相対照度は 4月 26日の 99.3%以後，周囲の
ヨシの成長に伴い 6月 12日は一旦 66.8%まで低下
し，トネが枯れる 6月下旬には 83.7%へと回復し
た。一方，対照区では 4月 26日の 81.7%以後，ト















































Fig. 8. Changes in height of Phragmites communis
and relative light intensity of understory meas-
ured in the plots of cut-off treatment and control
at Site C during 26 Apr. ～6 Jul. 2001.




地中における 2000年 2月 14日から同年 12月 4
日までの日平均，最高，最低気温および地温の観測




































べるために，2002年 2月 15日に Fig. 12に示すサ
イト Cにおいて 5 m×5 m実験区を設け，その中
の枯れたヨシの稈および葉を全て除去し，無処理区
と比較対照して地温の変化を測定した。ヨシ焼きが
行われた 2002年 3月 10日から同年 4月 23日ま
での実験区および対照区の地温変化を Fig. 9に示
す。図中の略号は，5 m×5 m実験区（A），対照区
（B），ヨシ焼き（a : 2002年 3月 17日），およびト
ネの芽吹き（b : 2002年 3月 25日）を示す。そし
て，4月 3～24日の実験区および対照区におけるそ
れぞれのトネの器官乾物分配比を Fig. 10に示す。
図中における 5 m×5 m実験区（A）および対照区




























































































Table 1. Correlation analysis between dry matter allocation of different organs and atmospheric/subterranean
temperature at the Watarase Retarding Basin and Utsunomiya University. Numbers in parentheses are par-
tial correlation coefficient by partial correlation analysis. a Temperature at 1.2 m height ;b Temperature at
ground surface.* P<0.05 ; ** P<0.01 ; *** P<0.001



















































Fig. 9. Seasonal change in subterranean tempera-
ture at 5 m×5 m experimental plot（A）and the
control（B）between 17 Mar. and 23 Apr. 2002 en-
coded with Ondotori Jr. a=Yoshi-Yaki on 17
Mar. 2002 ; b=Buds of Ophioglossum namegatae
were sprouting on 25 Mar. 2002.
Fig. 10. Seasonal changes in dry matter allocation
of Ophioglossum namegatae at a cutting off plot
before field fire, Yoshi-Yaki（A）and a non-cutting
off plot control（B）with each 5 m×5 m quadrat
in the Watarase Retarding Basin between 3 Mar.
and 24 Apr. 2002. Abbreviations are the same as
in Fig. 5.
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Fig. 11. Distribution of Ophioglossum namegatae sporophylls alongside with a 1 m×50 m belt transect as
shown in Fig. 2 and Fig. 3 c. Screened bars : measured on Apr. 16. Solid bars : Apr. 22, 2000.
Fig. 12. Distribution pattern of local populations of Ophioglossum namegatae within
each 25 m×50 m quadrat at Site A, 25 m×25 m quadrats at Site B and C. Line A-B
shows a 1 m×50 m belt transect. Numbers of local populations are the same as in
Appendix 2. A 5 m×5 m quadrat with an asterisk in Site C shows the location of
Cut-off experiment.
































または数個と限られる（Chen and Chiang 1972）。
一方，トネハナヤスリの場合は長さ 1以上になる
と 8～14本の不定根を生じ，その根の上に次々と
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Fig. 13. Distribution patterns of sporophylls and
trophophylls of Ophioglossum namegatae within
2 m×2 m quadrats（and）at Site A at the
Watarase Retarding Basin. Trophophyll（●）, tro-
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Appendix 1. Daily mean, daily maximum and daily minimum temperature at the Watarase Retarding Basin
and Utsunomiya University measured between 14 February and 10 December 2000.


















































































































































































































































































































































































































































































Appendix 2. Individual numbers/, area（）and estimated individual numbers at Site A, B and C in the Wata-
rase Retarding Basin.
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